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In the recent magnetic surveys conducted in different countries, the details of which 
have been published, one point stands out prominently from the rest, that the more 
minute the survey, the more surely do the observations show that the needle is 
subject to '' local '^ and ^' regional '' magnetic distui-bances, varying in amount from 
the normal values of the magnetic elements, as deduced from extended observations 
made over the whole country. 

A reference alone to that recent and most valnable contribution to terrestrial 
magnetism, ''A Magnetic Survey of the British Isles," by Professors A. W. 
RucKEE, F.E..S., and T. E. Thorpe, F.R.S., is quite sufficient to show the certainty 
of these disturbances. 

Oar knowledge of the magnetic elements on land and their disturbances is con- 
stantly being added to, but there is a much larger area for exploration, which, whilst 
leaving the dry land to the observers on land, seems specially to belong to those 
whom we may term the seagoing magneticians, namely, the broad sea, the coasts 
washed by the sea, and what is equally important to science and navigation, the land 
under the sea. It is a fact that as yet we have not obtained anything like an exact 
knowledge of the form which the ^Msomagnetics " may take on going from the 
assumed normal lines, passing from over the deep sea to cross depths of water under 
100 fathoms, until the dry land with its known disturbances is reached. 

Although along those parts of the coasts of great continents more commonly 
visited, several series of observations of the magnetic elements have been made by the 
war-vessels of various nationalities, for the coasts of Australia, from Adelaide 
westward i*ound north to Cape York, there were, previous to 1885, only some three 
or four stations at which either Dip or Force had been observed. 

To remedy this defect as far as possible. Admiral Wharton, F.R.S., Hydrographer 
to the Admiralty, caused H.M. surveying vessel ^'Meda^' to be furnished with the 
necessary magnetic instruments, with which the elements were observed at twelve 
stations, distributed between King George's Sound and Cossack, in N.W. Australia, 
by Navigating- Lieutenant Dockrell, of that ship. 

Unfortunately the continuance of this series was cut short by the close of the 
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survey, but not until a remarkable disturbance of tbe compass observed on board the 
'' Meda/' when approaching Cossack (Port Walcott)^ in N.W. Australia, the dis- 
turbance being evidently caused by magnetic bodies in the land under the sea. Time 
only sufficed to approximately localize the position of greatest disturbance. 

Towards the close of 1889 H.M.S. " Penguin '' was appropriated for surveying 
service in Australia, under the command of Captain W, U. Moore, R.N. Once 
m.ore the Hydrographer decided that the magnetic survey of the western coasts of 
Australia should be proceeded with as far as the recjuirements of the hydrographic 
survey would admit. Lieutenant J. W. Combe, R.N., of the '* Penguin,'' was 
selected to make the observations, and was therefore specially instructed at the 
Admiralty and at Kew Observatory in the use of the several magnetic instruments 
supplied to the " Penguin.'' 

The '' Penguin '^ is a composite-built screw^ steam vessel of 1130 tons displacement 
and 700 indicated horse-power, and consequently a suitable vessel as regards size 
for magnetic observations at sea. The amount of iron, however, used in lier con-, 
struction, made her practically an iron ship, and the magnetic observations were 
confined to those of the DecliuEttion or Variation when the ship could be swung, 
or, in other w^ords, when her head could be placed on eight or more points equally 
distributed round the compass, and for Dip and Force when the Relative instruments 
used on board could be compared with the Absolute instruments on land under 
proper conditions :-- 

The following is a list of the instruments supplied :— 

^^ . , -, ^ , . r (1) Unifilar Magnetometer, No. 25, 

Jjor Absolute observations \ ^ ' . ^ .,i , 

< by ILLLTOT, with two magnets. 

L (2) Babrow s IJip Cn^cle. 

For Relative observations f A Fox Dip and Intensity Apparatus, 

on board ship . . . . L No. C. 10. 

Also an Admiralty Standard Compass for observations on board and on land. 



Base Station, 

Kew Observatory was the adopted base station, where the Unifilar Magnetometer 
and Dip Circle were verified and Constants obtained. On return from abroad 
Lieutenant Combe repeated the observations to test the condition of the instruments 
after their three years' work, during which they were subjected to great change 
of climate and the chances inseparable from frequent transit from ship to shore. 

In order to show how far the absolute instruments remained in good order under 
such circumstances, the following final observations were made at Kew and other 
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fixed observatories. The symbols S for the Dechnatioii, H for the Horizontal Force 
expressed in CG.S. units, and for the Dip have been adopted. 



1 , , , ,, 

j 
! 




S. 


H. 


0. 
+ 67 26-1 


Needle. 


Kew Observatory . 

t 
j 


Mean for Sept., 1893 . 


17 27-3 W. 


•18243 

25 a., -18262 

25 cl., '18207 

i 

1 

H. 


H.M.S. " Peuguin " . 


5tli and 6tli Sept., 1893 


17 29-3 

c. 

7 58-5 E. 


+ 67 25-2 
+ 67 22-7 
+ 67 27-5 
+ 67 26-5 
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Needle. 
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Needle. 
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Melbourne Observatory . 


Mean for 1891 . 


•23479 


67 12-9 


H.M.S. " Peiiguin " . . 


March, 1891 . . . 


^-8 5-7 


25 a., -23475 
25(3., -23453 


-67 15-6 

67 14-3 

-67 15-2 

-67 17-3 






a. 


H. 

• 


0. 

+ 32 3-5 


Hong Kong Observatory 


Mean for 1892 . . . 


6 33-6 E. 


•36352 


H.M.S. " Peno'uin " . . 




35 4 


25 a., -36397 
25 d., -36388 


+ 32 3-0 
+ 32 2-5 
+ 32 3-1 
+ 32 4-3 







The final results obtained at Kev^, in September, 1893, have been corrected for 
the diurnal range obtained from the Report of the Kew Committee, and the mean 
results obtained at Kew^ for the month of September, have been adopted as a standard 
of comparison. 



* Mean of six observations at different liours on three days, corrected for diurnal variation from 
Obsei'vatory curves. 
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Differences between " Penguin '^ and Observatories. 







H. 


0. 


Needle. 


At Kew 


+ 2-0 


25 a., +-00019 
25 d., +'00014 


■ 0-9 

3-4 

+ 1-4 

+ 0-4 


I 

2 
3 

4 

1 

2 
3 
4 


\ At Melbourne . . . 


+ 7-2 


25 a., '00004 
25 d., -00026 


4.9-7 
+ 1-4 
+ 2'3 
+ 4-4 


At Hong KoDg , . 


+ 1-8 


25 a., 4- '00045 
25 d., +'00036 


0-5 

1-0 

--0-4 

+ 0-8 


1 

2 
3 

4 

1 



Observing bow nearly the '' Penguin's " results agree with those of Kew and 
Hong Kong% it seems fair to assume that^ in spite of the increased discordance 
observed at Melbourne, the instruments remained in a satisfactory condition 
throughout the period of observation. 

It is not proposed to record here in full the moments of the two magnets observed 
in the Force observations, but it may be explained that the sevei^al values were 
treated graphically, with the following results :— 





Magnet 25, a. 


^Vlagnet 25, d. 


March, 1890 ..... 
1 December, 1890 .... 

Febraary, 1892 . . . • 
; September, 1893 .... 


m =: -029172 
= -029094 
= -029050 
- -028995 


'027568 
•027494 
•027469 
•027328 



Thus, during the first nine months, the moments of both magnets declined 
somewhat rapidly, after which they slowly diminished in value until the close of the 
series at Kew. It may be noted that, throughout the series, no single value of on 
differed more than ± '00001 from those of the curve obtained from the whole set 
employed for obtaining H. 

The value of P has been calculated by the formula 



(Log Aji — log Ag) X 5*64 = P 

where Aj and A3 are the values of m/H at the two distances. 

the whole series is 

P= -^ *00080228. 



The mean value for 



RESULTS OF THE VOYAGE OF H.M.S. PENGUIF. 349 

Oonsidering the importance of a uniform system of exhibiting the vahie of the 
observer's work in observations of similar nature, it was originally intended to adopt 
that of Professors Rucker and Thorpe, as explained in their '' Magnetic Survey of 
Great Britain '' (see ' Phil. Trans J 1890). The difficulty then arose of there being no 
means for ascertaining the solar diurnal variations and effects of disturbances on the 
elements observed at places distributed over so large an area of the world. Thus, 
defects of observation and movements of the needle from magnetical causes could not 
be separated, and Rucker and Thorpe's method was reluctantly abandoned. 

With regard to the use of the Fox Dip and Intensity apparatus, it should be 
understood that, being a relative instrument, it was constantly compared with the 
absolute instruments. The index errors affecting the Dip observations were known 
to the nearest minute, and the change of magnetic force in the deflectors used in the 
force observations were ascertained by obtaining the values of the ''weight equi- 
valents " at four stations, so that the magnetic condition of the instrument was 
known whenever it was used. The temperature corrections were too small to be 
applied to force observations taken under conditions of small change of temperature. 

The results obtained on land with the absolute instruments are given in Table I. ; 
those Avith relative instruments in Table II. 

Local Magnetic .Distitrbances. 

Although the amount of local magnetic disturbance over given areas, and the 
causes thereof, have for some years past been a subject of close enquiry among 
magneticians, it does not appear that anything like close attention has been paid to 
those local magnetic disturbances experienced on board ship which are independent of 
anv direct action from iron or steel used in the construction of the ship. It is certain, 
however, that conclusions have been drawn and proniulgated that are absolutely 
unfounded. Amongst them may be mentioned the erroneous impression that visible 
land, when miles distant, affects a ship's compasses, to the danger of the ship. 

In view of placing the local magnetic disturbances observed in depths of water 
under 100 fathoms of water on a proper basis, instructions were given to H.M.S. 
''Penguin" to devote as much time to such an enquiry as her special surveying 
duties would permit. H.M.S. " Meda," having reported on the remarkable disturb- 
ance of the compass experienced on board in the neighbourhood of Cossack, Port 
Walcott, in N.W. Australia, the results of a magnetic survey were of great import- 
ance to navigation, and consequently some days were devoted to the examination of 
the port. A discussion of the observations made, with diagrams, forms the concluding 
and it is presumed the most important part of this paper. The results of observations 
made on islands and at Cossack for local magnetic disturbance will now be given in 
order of time. 
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Periui Island. 

Two stations t\¥0 miles apart were selected on this island for the absolute observa- 
tions : (1) at Signal Hill, near the west end of the island and about 100 feet above 
the sea; (2) the high lighthouse near the east end, about 200 feet above the sea, the 
instruments being set up on lava rock. There were also three auxiharj stations 
where the Fox apparatus was employed, and relative observations made : Nos. 1 and 2 
on the north coast, on broken coral ; and No. 3 in a sandy bay at the S.E. end of the 
island. The declination was only observed at the high stations with a value at botli 
= 3^ 16' W. Comparing this with the value obtained on board by swinging in 
19 fathoms of water = 3"^ 25' W., the difterence of 9' shows but small disturbance. 

Inclination — With this element there is a difEculty in obtaining an exact normal 
value, but as the observation at Auxiliary Station No. 3 was made on a sandy beach, 
and the results agree with the Chart of Normal Values at the Admiralty, it has been 
adopted. 



Station. 



Observed Dip, 



Signal Hill . . . 
High Liglibliouso . 
Auxiliary Station No. 1 
Auxiliary Station No. 2 



5 27 K 
3 



Normal. 



3 30 



Disturbance. 



5 



5 4 



5 



4 



+ 1 57 

+ 1 33 

+ 1 34 

-f 1 34 



Horizontal Force. — -Assuming the value of H at Auxiliary Station No. 3 as normal 
w^e have the foUowina' : — 



Station. 


Observed H. 


Normal. 
•355 

o • 
9 » 

« « 


Disturbance. 


Signal Hill . . . 
Fligli Lightlionse . 
Auxiliary Station No. 1 . 
Auxiliary Station No. 2 . 


•359 
•341 
•355 

•352 


4-^004 
•014 

- 
•003 



Baudin Island. 

On this island the three elements were observed at two stations : (A) on the south 
slope of the island, on hard compact gray sandstone, with fragments of ironstone, 
situated 100 feet above the sea ; (B) on the foreshore, wdiere the beach consisted of 
coralline sand and coralline limestone. Two specimens of rock from this island were 
found to be magnetic, with values of h = '000217 and ^000529 in C.G.S. iniits (see 
Appendix B). 

Station B values have been adopted as the normal for the following reasons. The 
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ship was swung in 19 fatlioms of water near the island in two successive years with 
the same results as regards Declination = 2^ iT E. The Dip and Force agree nearly 
with the best normal values on the charts. 

Disturbances. 



Station A 

Station B, adopted normal 

Disturbance . 




3 16 W. 

2 14 E. 



5 30 W. 



0. 



42-55 
40-7 



2-48 



jO . 



■3572 
■3574 



•0002 



Port Walcott (Cossack), 

Although the name of the township of Cossack may be more familiar than the 
name of the port in which it is situated, still, as the observations about to be 
considered refer chiefly to the port approaches to Cossack, and extend over an area of 
some miles, the name Port Walcott has been adopted. 

The accompanying map of Port Walcott shows the relative positions of the points 
where land observations were made and the region of magnetic disturbance in land 
under the sea. The latter region we may hereafter refer to as the '^ Magnetic 
Shoal,'' over which the ^' magnetic soundings "^ were taken (see post)^ 



Land Ohservations. 

There is the usual difficulty in this place of determining the normal values of the 
magnetic elements, but an observation v\^as made with the Fox apparatus on board 
the ship in 19 fathoms when approaching the port, giving a corrected value of 51°. 
This reduced for difference of Dip, due to difference of the latitude, makes the Dip at 
Reader Head (see map) = 51° 16^ the observation on land at the same place being 

Again, by swinging the ship 4 miles east of Reader Head station, the Declination 
was observed to be = 0° 15' E., as compared with 0° 4' W. on the head. 

The station at Reader Head being also in a sandy neighbourhood, was therefore 
adopted as the position of normal values. 

^ The term "magnetic soundings" is here meant to apply to the several magnetic clisfcarbances in 
analogy with the soundings taken to determine the position and extent of a shoal of sand, for example. 
— E. W. Obeak. 
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Land Disturbances. 

Declination, 



Normal. 


Bezout I. 


Cape Lambert. 




Red Cliff stations. 




2. 


3. 


4. 


5. 


4W. 


22 W. 


4W. 


7 56 W. 


a / 

1 11 E. 


2 53 E. 


O ' 

1 4E. 


Disturbance . 


18 W". 


. • 


7 52 W. 


1 15 E. 


2 57 E. 


1 8E. 



Inclination. 



Normal. 


■ \ 

Bezout I. 


Cape Lambert. 


1. 


Red Cliff stations. 




2. 
54 12 


3. 


4. 


5. 
5°1 36 


51 20 S. 
Disturbance . 


50 2 S. 
+ 1 18 


50 13 S. 
+ 1 7 


52 18 


50 41 


m 30 


58 


2 52 


+ 39 


- 1 10 


- 16 



Horizontal Force {Metric Units), 

This was only observed at No. 1 Eed Cliff station besides the normal, with a 
difference of 0*0878 as a disturbance. 

There is nothing in the amount of the above disturbances to call for special remark, 
as they have often been largely exceeded in other countries. 

There is, however, one point which requires notice, and that is the different signs 
shown by the Dip disturbances, the north-seeking pole of the needle being repelled at 
four Dip stations, and attracted at three stations out of the seven. Attention is 
called to this as bearing upon subsequent results obtained on board the ship. 



Disturbances Caused by Land -under the Sea, 

The instruments employed for observing on board the ship :-"— 

1. Standard compass on poop, 75 feet above the sea-bottom. 

2. Fox apparatus (C. 10) for Dip and Force 82 feet above the sea-bottom. 

3. A compass occupying the place of the Fox apparatus when removed, and called 
the '' Fox compass.'' 
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Before proceeding to show the remaxkable amount of the disturbances of the 
magnetic elements observed, at Port Walcott^ it must be remembered that the only 
means available for obtaining the observations was on board a composite-built^" vessel 
with steam machinery ; in fact, that the observers had nolens volens placed the ship, 
herself a disturbing magnet, between the instruments and the source of disturbance. 

It was therefore necessary, first of all, to determine to what extent this interposed 
magnet, the ship, disturbed the needles on board. For this purpose the ship was 
swung off Baudin Island in 19 fathoms of water on May 6, 1891 : (a) for values of 
Dip and Intensity on the eight principal points of the compass ; (6) simultaneous 
observations of the Standard and Fox compasses for deviation on all points of the 
compass. 

Adopting the methods and formulae described in the Admiralty ^ Manual of 
Scientific Enquiry' (Art. Terrestrial Magnetism) for 1886, the following table of 
Disturbance of the Dip and Total Force, caused by the Horizontal Forces of the 
ship, was computed :- 



Correction for Total 
Force. 

met, units. 

+ •074 
+ '192 
+ '305 
+ •177 
+ -014 
+ •118 
+ •217 
+ •157 



/C5U. . 




Ship's head. 


Correction for Dip. 


"^orth 


/ 

17 


N.E. .... 


+ 1 27 


East .... 


+ 2 26 


S.E. .... 


+ 1 29 


South 


+ 17 


s.w. .... 


+ 1 48 


West .... 


42 26 


KW. .... 


+ 49 

1 



Next adopting the notation of the Admiralty ^ Manual for Deviations of the 
Compass ' (1893), the following coefficients^ representing the horizontal disturbances 
of the ship, were computed from the observed deviations :- 



Standard compass 
Fox compass 



B. 



+ 45 
+ 35 



UiUiitJ .— 




c. 


D, 


/ 

^0 11 

«0 4 


o / 

+ 3 55 

-1-2 22 



Having corrected the Dips for effects of the ship's horizontal forces, the resulting 
mean Dip was compared with the normal values at Baudin Island, and found to differ 
only 2\ The Vertical Force of the ship was therefore considered zero. 

Now at Port Walcott the coefficients B, C, D were found to be :— 



* Composite-built ships have iron frames and wood planldng. 
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or nearly the same as off Baudin Island, and as the Dip corrected for horizontal 
forces in the ship differed only 10' from the normal, it was considered that the tables 
of correction for the three elements obtained off Baudin Island might for the purposes 
of this discussion be used for the observations over the ^'^ magnetic shoal '' at Port 
Walcott, and this has been done. 

Although no direct observations of the mean Horizontal Force to north (or \ of the 
Admiralty 'Manuar) were obtained at the compass position where the Declination 
observations were made, still on comparing the best values of the Horizontal Force 
obtained on board with those on land, a small diminution was found, giving a mean 
force to north = *98 (considering the land force = 1*0) at the Fox position. 

At the Standard compass position the mean force to north may be assumed as '97. 
Having so far defined the magnetic condition of the ship, we are in a position 
to review the order of observation at the magnetic shoal and consider the results. 

A preliminary examination of the general limits of the area of Distui'bance 
at Port Walcott was made in November, 1890. The 22nd to the 25th of the 
following April were devoted to completing the magnetic survey of the shoal, the 
distribution of the observers being as follows : — Lieutenant Tancred, with a 
theodolite, was placed on Bezout Island, to take the true bearings of the Standard 
compass as the ship changed her position. Lieutenant Parry, on board the ship, took 
compass bearings of the theodolite station on Bezout with the Standard compass, 
the direction of the ship's head being noted by Sub-Lieutenant Oliver. The Dip 
and Force observations were made by Lieutenant Combe, the position of the ship 
being fixed and depth of water taken at every magnetic observation. 

On the first day the ship was run across the area of disturbance in the north and 
south directions, whilst the observations of Declination were made, buoys being 
placed at positions of greatest disturbance. On the second day the Declination 
observations were continued over the eastern and western extremities of the shoal, 
special attention being given to the spaces between the buoys. 

The third and fourth days were occupied with observations of the Dip and Force 
with such additional observations of the Declination as could be made, the method of 
ensuring reliable results being as follows. The position of maximum disturbance 
had already been pointed out by the Declination observations ; the ship was therefore 
moored in its immediate neighbourhood, one anchor being let go on the west side of 
the point of greatest westerly disturbance ; the other anchor on the east side of the 
greatest easterly disturbance. Thus, by working the cables as requisite, the ship 

2 z 2 
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was hauled over the area of maximum disturbance and fixed in any desired position. 
The direction of the stream also favoured the retention of the ship^s head in a 
given direction, an important factor when ship observations are concerned. 

With the exception of one observation, marked No. 6, the data for Diagrams B, C, D 
were obtained in this manner, but the remaining observations at Stations 11, 12, 
and 13 were made with the ship under way. The observations of the four days 
are recorded in Tables III. and IV., vnth their various corrections and final results. 



Diagram 5 . Inclinatfon. 
£qua/ fines of disturbance -from the Norma f. 



(•8 *' 



'ii-A 



A 



_^ 



ra<«^ 



sa'9 



ti'S 



"'-'--^■^ 



„-.-^i^' 



^-0-1 , 



1-9 

Station N9 6. 



Graphic Representation of the Observed Disturbances, 

On Diagram A are shown lines of equal values of the disturbances in the 
Declination taken from Table IV. The figures represent the values of disturbances 
expressed in degrees, the dots denoting the position of the ship's Standard compass 
at each observation. Lines of no disturbance are drawn plain, easterly disturbances 
dotted, and westerly pecked. The values of the lines are 5"", 10"^, 20°, 30°, 40°, 
and 50°. Whilst the general direction of this magnetic shoal is N. 50° E. (true), 
the approximate dimensions of it are 3 miles long by 1|- miles at its widest part. 

On Diagram B the observed disturbances of the Dip are shown, and on C and D 
those of the Horizontal and Vertical Forces respectively. The figures are taken 
from Table III., the dots representing the position of the ship as well as the decimal 
point, and the curves of equal value are drawn. 

It may possibly be considered that the observed values of the Declination and 
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Horizontal Force should have been corrected for reduction of the mean Horizontal 
Force due to the iron of the ship previously mentioned. This correction was 
abandoned in view of the fact that, with such lar^e disturbances in which only the 




-hVit 



diagram C , Horizontal Force. 



£qua/ h'nea of disturbance\ 
from the Normal, 



— - " — -denotes values above the Normal. 



. rd'cS 



-0-tB 



Station N?C), 



Line pdSSin^ through Ft(sm text ^ 
Also Tabfe M dnddidprdtm A \\ 



■\agram D . Vertical Force. 



iquaf fines of disturbance \ 
from the Norma f . \ 



dmh of SOftdiyiaiona. 



'CT:xrxzcx:x:jzz:z 




sees33'««»a 



-denotes vsfues aboye the Norm,i\l 

" " hsinw I, „ 



eoa 



ft&r. 




'statfJn*N*0( 



nearest degree of Declination and the Horizontal Force to the second place of 
decimals were considered, such correction was unnecessary. Moreover, it is highly 
probable that the ship with her iron frames and her keel between 30 and 40 feet 
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nearer the source of disturbance than the observing instruments, placed in difierent 
parts of so powerful a magnetic field, was subject to a measure of induction which 
there was no means of gauging. 

It was suggested that obseryations to test the effects of this induction might be 
made on a wooden raft, but neither the state of the sea nor time available permitted 
this. 

On the possible Cause of the Disturbances, 



Having in possession the amount of the several disturbances observed, the question 
arises what is the disturbing cause ? It is certain, by the sea soundings, that the 
source of the disturbance was some 82 feet below the Force instruments. 

Referring to Diagram A, the central line of no disturbance is clearly defined by 
the change of sign in the observed values of the disturbances, and this line may be 
termed a ^' ridge line" extending with its sinuosities for a distance of 3*5 miles, and 
passing through the point of greatest upward Vertical Force disturbance. Points of 
decreasing value of upward Vertical Force are shown at P^ and D^, whilst at D^ the 
disturbance is comparatively small and downwards. 

Also in Diagram D a transverse sectional Hue will be seen passing across the 
curves. This line passes through the area of greatest disturbance in the Vertical 
Force and of the Declination, and its direction has been selected as also passing 
through points in the curves which are best authenticated by observation. 

The principal results, therefore, may be expressed shortly as follows :— At a point 
situated N. 78° E. (true), distant 2155 miles from the Station on Bezout Island, 
there exists in the land below the sea a source of magnetic disturbance, causing 
disturbances of the foUowinof magnitude : — 



Declination. 



26' W. to 56° E. 
on N. side on S. side. 



Dip. 



-29° 



Hoi'izontal Force. 



+ 1-04 to -■1-92 ^ 
on N. side on S. side. 



Vertical Force. 



4'44 to +0-32 



Of the nature of the land under the sea causing such abnormal magnetic disturb- 
ances, there is scant information upon which to form any decided opinion. A 
geological survey of the most disturbed part of the coast at Red Cliff was made by 
Mr. Walker, Chief Engineer of the " Penguin," which is given in full with diagram 
in Appendix B. 

A number of specimens of rock and sand were collected by the *^ Penguin" in 
several parts of Australia, which Professor Ruokbr has been kind enough to examine. 
Among these was a specimen of sand taken from the- bottom where the magnetic 



360 GAPTAm E. W. CREAK OF THE MAaNETICAL 

shoal lies, but none of those brought from Port Walcott showed any signs of 
magnetic susceptibility (see Appendix B). 

Professor Judd, F.KS., has been also kind enough to look over the geological 
paper, and he writes : '^ The only possible chance I can see for other conclusions " 
(he had previously considered from Appendix A that there was no geological 
formation to account for the magnetic phenomena) '^ is, that the term quartzite is 
used for volcanic rock, or that ironstone dykes are really a decomposed igneous rock 
(basaltic diabase) which at a slight depth would be found to show their normal 
magnetic character." 

In conclusion, I would remark that the highest credit is due to Lieutenant 
Combe, E.N., who, under Captain Moore, had charge of the magnetic observations. 
There is no link missing in the chain of evidence as to their completeness in every 
detail. The management of the ship during the survey of the magnetic shoal was 
fully fitted to a successful issue. 

I have to thank Professors Rucker and Judd for valuable assistance with reference 
to Appendices A and B. 

It is evident, from the scant but well authenticated reports from different parts of 
the world, that there is much to be done in the direction of ascertaining the position 
and dimensions of local magnetic disturbances of land under the sea, and it is hoped 
that what has been done by the '' Penguin '^ will be a source of emulation to others 
whose lot is cast in a seafaring life. 
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CAPTAIN E. W. CREAK ON THE MACNETICAL 



Table III.— Magnetic Shoal, Port 
Abstract of Observations for Declination, Inclination, 




Time. 



N'utnber 

of 
Obser- 
vation. 



A.M. 

6.0 
6.10 
6.45 
7.5 
9.13 
9.26 
10.6 
10.20 
11.0 

11.50 
12.2 

P.M. 

2.45 
2.53 



4.40 



L 



6.0 



Position of ship. 
Bezout ^. 



2 
3 

3 

4 
5 
6 

6a 
66 



8 

9 

10 

11 

11 

12 

13 

13a 

13 

136 



Bearing. 



Dis- 
tance. 



S. 84 14 W. 
S. 82 15 W. 



S. 79 45 W. 



S. 79 45 W. 



S. 78 49 W. 

S. 78 28 W. 



S. 85 12 W. 



S. 85 12 W. 

S. 85 12 W. 

S. 79 27 W. 

S. 78 38 W. 

S. 77 27 W. 

S. 78 27 W. 

S. 71 W. 

S. 71 W. 

S. 68 4 W. 

S. 66 6 W. 

S. 66 ,6 W. 

S. 66 6 W. 

S. 66 6 W. 



Dis- 
tance 

of Fox 
circle 
from 

bottom 

of the 

sea. 



Magnetic 

direction 

of ship's 

head. 



Miles. 

2-200 

2-128 

2-188 

2-188 
2-170 
2-131 

2-579 

2-579 
2-579 
2-148 
2-240 
2-126 
2-132 

2-851 
2-851 
3-501 
4-330 
4-330 
4-330 
4-330 



Feet. 
83| 



83| 



80^ 



80i 



80i 



83| 



83 1 



83 



83 



82 



8'3i 

83| 
831 



82 



80i 



79 



Observed 
Declination. 



North 
seeking 
end of 
Needle 
repelled 
to 





o 


N. 


45 E. 


N. 


53 E. 


N. 


50 E. 


N. 


63 E. 


S. 


66 E. 


S. 


20 E. 


N. 


12 E. 



S. 


34 E. 


jsr. 


22 E. 


N. 


22 E. 


N. 


7E. 



S, 


86 E. 


S. 


78 E. 


s. 


60 E. 


s. 


44 E. 


s. 


71 E. 


s. 


71 E. 



14 17 

44 34 

19 42 

[25 12 0^ 
\24 39 



12 50 



15 8 



S. 81 E. 



North. 



N. 9W. 



2 42 



E. 



E. 



W. 



W. 



E. 



Magnetic 

direction ship's 

head by Fox 

compass. 



/ // 




5 40 


E. 


22 44 


E. 


53 25 


FJ. 


55 56 


E. 


1 12 


E. 


26 12 01 

25 45 OJ 


W. 


2 41 


E. 



o y 

N. 45 38 E. 
N. 54 3E, 



Observed 
Inclina- 
tion or 
Dip. 



N. 160 35 E. 

N. 11 52 E. 



N. 145 51 E. 

N. 21 19 E. 

N. 21 19 E. 

N. 6 32 E. 



N. 94 48 E. 



W. N. 102 45 E. 



N. 121 13 E. 

N. 137 17 E. 

N. 110 20 E. 

N. 110 20 E. 



N. 100 18 E. 



52 31-3 



64 13 



74 8 



N. 54 3 E. 74 11 



N. 115 45 E. 78 53 



62 30 



52 27 



55 5 

52 47 
80 21 
73 50 
55 5 
67 5 

53 56 



N. 10 25 W. 



68 


39 


52 


21 


53 


31 


• 
49 


• 
19 



JTOTE.— The letters P, D^, P^, D^, point to the values of the Vertical 
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Walcott, Western Australia. 

and Total Force with Fox Apparatus C. 10. 



Devia- 
tion in 
Inclina- 
tion for 
ship's 
head. 



o / 



-1 24 

-1 42 



-1 42 



-l 42 



-1 56 

-0 30 



-0 12 



Cor- 
rected 
Dip. 



51 7 



62 31 



72 26 



72 29 
76 57 



62 



Ob- 
served 
Total 
Force. 



4-5294 



4-2947 



Devia- 
tion in 
Total 
Force 
for ship's 
head. 



+ •1775 

+ •2038 



Cor- 
rected 
Total 
Force. 



-0 


55. 





28 


-0 28 







-2 


20 


. 2 


18 


1 


50 


• 
2 


• 
04 


2 


04 


-2 


18 


• • 
+ 40 



52 


15 


54 


10 


52 


19 


79 


53 


73 


50 


52 


45 


64 47 


52 


6 


• 
66 


• 
35 


50 


17 

1 Q 



5-7713 

8-3723 
8-0099 
4-7556 



4-7542 
4-7385 
7-1250 
6-7405 
6-6958 
7-4109 



+ -2038 
+ -2619 
+ -0484 
+ -0931 



+ -1037 
+ •1116 
+ •1176 

+ •0807 
+ -3020 
+ -2960 



4.7069 



4-4985 



Hori- 
zontal 
Force. 



Vertical 
Force. 



Disturbances from the Normal. 



6-5676 
7-0213 



49 59 



4-8856 



5-9751 

8-6342 
8-0583 
4-8487 



4-8579 
4-8501 
7-2426 
6-8212 
6-9978 
7-7069 



2-9547 
2-0760 



Declination. 



3-6640 
3-9908 



+ •1531 

+ •2776 



+ •0738 



1-7984 



1-9495 
3-7831 



2-9683 



2-8440 



5-6980 
8-4114 
7-1154 

3-8338 

3-9384 



6-7207 



7-2989 



4-9594 



2-9648 


3-8384 


1-2721 


7-1301 


1-8992 


6-5515 


4-2357 


5-5702 


3-2835 


6-9724 


• • 
4-1284 


• • 
5-3029 


2-9007 


6-6976 

• • 


• • 

3-1690 


• • 

3-8148 


• • 


• • 



+ 5 4D 

+ 22 44 



+ 53 25 



+ 55 56 

+ 1 12 

'26 12^ 

25 45 

+ 2 41 



+ 14 17 

+ 44 34 

- 19 42 

25 12' 

24 39 



12 50 



+ 15 8 



2 42 



Hori- 
zontal 
Force. 



Vertical 
Force. 



0-218 



1-116 



-1-394 
-1-243 
+ 0-591 



-0-2-24 



-0-348 
-0-227 



-1-920 



1-293 



+ 1-044 
+ 0-091 



-0-319 

+ 0-024 



Number 

of 
Obser- 
vation. 



4-1-731 

+ 4-444 P 
+ 3-148 



-0-133 



0-029 



-0-129 



+ 3-163 

+ 2-584 
+ 1-603 
+ 3-005 



+ 0-936 
-0-291 



•0-023 



+ 1-336 Di 
+ 2-731 P2 



0-152 D' 



1 

2 

3 

3 

4 
5 
6 

6a 
6h 
7 
8 
9 
10 

11 

11 

12 

13 

13a 

13 

13b 



Dip. 



o / 



+ 07 
+ 11 31 

+ 21 26 

+ 21 29 
+ 25 57 
+ 11 
+ 1 15 

+ 3 10 
+ 1 19 
+ 28 53 
+ 22 50 
+ 1 45 
+ 13 47 

+ 16 



+ 15 35 
- 43 
+ 13 



1 01 



Eorce at the position of the corresponding letters on Diagram A. 
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o r— f 
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CD 
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o 








A correction 
of 14' W . index 
correction has 
been applied to 
each of the 
deflections re- 
corded, and the 
normal Decli- 
nation at Be- 
zout Island has 
been taken: — 


0^ p9|[9d9a: 

9];p93ll JO pii9 

Sup[99S-qc}j:ojs[ 


P£S ^* ^* p4 P^ f^" S* W ^ ^ ^ ^' ^ ^ ^' ^ ^ ^ ^ ^ ^ S* H pq H pq f^' K pq p^ ^ H pq 


Deflec- 
tion of 
Standard 
compass. 


^l>. t--r^a50:)rHC0r^l>«-<^'^^ajair-nl>-rHI>>0I>-THOC^C0OC0CCiC^(X)iOOO^ 
p~( -^ iO lO GvJ rH i-O Cr'^ >.Q CO CM -^ >i7) iO CO -^ CM '^ CO i^'D ^ rH r-J xO 00 ^O; CM lO CO 

o^(^qc^^T^a;)00c<IlOlO-^oorHOrHG<^o^cMcoocolOoqGO(:o-^rHOOc^3cqco^ 

Gvl CO i-H rH rH iO CM 


True bearing 
of Bezout 
Island A. 




^r-H C<^>OCO>-OiOOOI^C5I>.OpHG<30^COr^O^H0^1-^Jt^I>-CD-^lOC5:)CO-^ai-:f^COCD-^ 
-:^>/:)-^-:^iiO rHiO COrHiiO-^ CMCM-f<iOC0 ^^HCOCM nH CvjiOCvJCM "^ 

_C0 >0 r^ C^ <:0 i-X) CO rH C^ >0 I—I CX> CO 00 ^ i^ 00 C<I >0 0^ O t^ Ci r-H -!f* -to Oi C^1 ^ 
OOOOOOOOaOOOGOOOl^I>-r^<:D(:OiOiOiOiO:X>Ol>*I^l>Jt^OOOOOOOO(X)I>CO(X)(/JO^ 


]^)i^\^uiw.mmmmmmmmmm^^mm^^uimmm^'i^^^^ 


Apparent 

magnetic 

bearing of 

Bezout A. 




,-^ iOCMOOOCX)CD-^OiOOO-^)0^'^^r--'OCOai^C>10qOO<X)OC>^CX3QOOv^1^0 
^■rfl^iOr-i>OpHrH rHr~|XOJLQxOrHC0rH-^rH xOrH^^COCMiO rH in)Q^lG<3 

oiO J>»C?i-^Jt^iQC0CiiOrH'OrH3OC3:iCO0:)Mi0C^C0C7iG<JI>.C?<lJt^C^C^ 
(X)000000t^<X>O^0000 1>-.C^^iQxQ^^^'X>00C0t>-c>3:>-0J^-Q000C0I-^00(X)001> 


Deviation 
for appa- 
rent posi- 
tion ship's 
head. 


^'=f^>oc<^olO(^^^•^oo>oc^l:iDiOCDO-^r-^ococJ;)^c<^ooG<^-^OG<^c^:lc^qocx)(l^ 

0'C0OC?qC0^C0C0^OOOT-HOrHrH^C0OrHC?qCMOC0C0rHCMOOOrHrHC>:3^ 


Ship's 

head bj 

Standard. 


oOvJiiOJt^OCMCiCO-^rHL^CMO'OOCO'^OiCOrN'^aiCO p-^C000(^rH~§"S'^00O 'u 

CMr-lCMC>4C0pHCM r-H rH Gvl ^O^CO r-\ OOO^^O 

GQ XfllflYA ' -^ 


^|2;:2i!z;|25^fe^^!2;;z;!z;!z;f2;^cca)mcocfla3 02 mm mm ^^ 


Bearing of 

Bezout A 

by Standard. 




ooooooooooooooooooooooooooooooooo 

oG<l CX)l^00^HaiI^•O-^^HJ^-C0^r^JN.Oi^"C000^H<:OC^lO^(X}^ai'f<^C0I:^Oai 
C0CX)(X)00CX)OiOr^(X)CX)JC^I>-<^CCi0Oi0(X)(^(X)0CJ^^C0iOl>-CX)0000l:^00(Xi^ 


\i^^maia}mmu2a2mwa2mma2mmmmmmai 


Position of ship, Bezout 
Island A. 


6 
o 


cc•co^oc^^G;»col:^i^-'^cOrHi0 050;iOOOco^o:)^HJ^-<^c^GOr^c^^l>^a3^i>'(X) 
aiOc^^^co(^^c^q^H^HCocoocor>.coGO■^•^J^oair^coaiooI>l>•cJ5ao^HCO>.ol>G^^ 
r;:jo;iO:)aiaiOic^aiaic;ji0^opOrHCM^cp"^-^(^^ 
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pq 




^rH C^liO00lOO00I>'aiI^»OrHC^^C^C0^HOrHCN|•^l^«I>•C0'^lO0iC0^C7i'^O':0^ 

oCO iOIr^aiCOCOC0rHC^ir:)rH(X)C000-^J^-00CMiOCMiOl:^OirH^CDO:>CM^CM0000 0^1 
00 0000C^0000CX'CX)C^J:^l>-"-OCOiOiOi0ir:;C0COi>'i^i^t>.C0CX)G000CX)l>-000^ 


^\^^o^^u2mmmmmmmmmmmmmmmmznmm 
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>rs i>- o CO ^ cx) o c^^ iO CO G<i CO rH iO cjd i-^ c^ ^ i>- (^1 -^"^ "X) 00 o G<j -=^ o^ CO c^ 

g rHrHrHrHCMC^ICNCNCOOO-^-^-l^JOir:) rHrHrHr-JCMCqCMCMCOCO'^ijOiOiO. 
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rHCOr-t rHCM rHrHr- 1 CMrHrH 


bJO 

0^ ?^^ 


^^^^^ 




^>'^^^"^^^^>^^^fe:>^^^^^»'^^^^ 


,0 0^ r-H I>- Gi 


ir5O(:0^C/jr>.rH00OC0iO^C>0OCJiOCMC0^i>*C0C0G<I*O(MO 
'^ O^rHCMiOCO COCN)CSJ>OiQrHCMCM^iOiOiOiOr-iC<100rHiiO 


True b 
of B( 
Islan 


Oi>- -^ iO 
000 t^ !>• J>. CD 

mmmmm 


CMCCGiOqiOOOrHCO^COOOOCOGvJiOrHCOCOifO'^rHCOCOOOrH-^ 
iOiOiJiOCOCOCDi^t^i^^i'^J>*COCX)GOt^i>-'^COCOCOCOCOCOCOJO.I>- 


mxAmmmmmmmmxAmmmmmmm 


d p5 f^ ri 


• • • • » 




•^^■^^>'^^'^fe;ts^>^>'^^^^^^>^^^>'^ 


-,00 c^ -^ 00 


<lDC000^HC0CMKt>0)l:^rHC0^G0i:^OI^C0CqOG0OrHC0J[:^Q0CM 
lO-^COJ-OCMOq CO CO-^^Cq^OiO rH-qH^cq^cqr-i^JLQ CM 


Ph S S ^ 
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Appendix A. 

Geological Ohservations at Red Cliffs, near Cossack^ N. W. Australia. 

On April 25, 1891, I landed at the ''Red Cliffs/' between Cape Lambert and 
Reader Head, near Cossack, N.W» Australia, and made the following notes on their 
geological structure : — 

(1.) The cliff runs in a general N.W. and S.E. direction for about a quarter of a 
mile, and is about 30 feet in average height ; the face is very rugged, but it being 
almost entirely free from vegetation, some very excellent sections are presented. 

(2.) At the N.W. end (A in the general sketch), the beach is strewn with huge 
blocks of breccia and ironstone conglomerate, fallen from the cliffs above. Commencing 
from high- waterr mark (it being unfortunately nearly high tide w^hen I landed), there 
is first a layer of yellowish sandstone (?), about 10 feet thick, the bedding of which is 
nearly horizontal. On this rests another bed of the same thickness of a siliceous 
breccia, crowded with angular fragments of various forms of quartzite. At the top of 
this layer, the paste in which the fragments are embedded becomes highly ferruginous, 
and passes into a cap of *' ironstone conglomerate,'' consisting of rounded nodules of 
(apparently) brown haematite embedded in a reddish-brown paste, which effervesces 
strongly when treated with hydrochloric acid. 

(3.) Proceeding along the cliff to (B), large masses of compact ironstone (? brown 
haematite) in situ are seen, cropping out of the beach at high- water-mark. 

(4.) At (C) is a small gap in the cliff, just beyond which is a well-marked dyke- 
like mass of quartz, about 4 feet wide, in layers alternately light and dark coloured, 
and bedded almost vertically. The '^ strike '' of these layers is approximately N.E. 
and S. W. On the north side of the dyke-like mass is a narrow platform of ferruginous 
sandstone, having the same dip and strike. At (C) is a small mass or vein (marked 
X in general sketch) of a curious whitish soft mineral, which I am not able to name. 

(5.) At (D) the cliffs are intersected by a very remarkable dyke-like mass, or vein, 
of compact ironstone, about 20 feet in width, nearly vertical, strike about N.N.E. and 
S.S.W. It appears to be continued out to sea in the same direction in a series of 
reefs, awash at low water. Just beyond it, at (E), is another dyke-like mass of 
quartzite, similar to that at (C), but the layers are better defined, and in places much 
more contorted ; the width of this dyke-like mass is about 10 feet. Here the cap of 
ironstone conglomerate ceases. 

(6.) A little further on, in a small hollow or glen in the cliff, another massive dyke- 
like mass of ironstone, similar to that at (D), crops out. Then comes, at (F), a mass 
of *' ironstone breccia " (fragments of quartzite embedded in a highly feri'uginous 
paste), which passes at (G) into what I venture to call ^^ ironstone schist,'' consisting 
of alternate layers of whitish quartzose stone and ironstone^ about an inch in average 
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thickness, dipping at an. angle of 85^, and striking approximately N.E. and S.W. In 
many places, however, the beds are much contorted. 

(7.) The cliff ceases at (H) and is succeeded by a sandy beach resting on a plat- 
form of coarse ferruginous sandstone. 

(8.) The summit of the cliff from (A) to (D) is nearly level and strewn with frag- 
ments and nodules of ironstone. Further inland the country is very barren and sandy, 
with scanty grass and a few low shrubs. A quartz dyke-like mass, probably a 
continuation of that at (C), was noticed about a quarter of a mile inland from the edge 
of the cliflF. 

(9.) Magnetical observations were taken at positions (1), (2), (3), and (4) on the 
pfeneral sketch. A series of the most characteristic rocks and minerals were collected 
by me and are forwarded with these notes. 

(Signed) J. J. Walker, 

Chief Engineer, 

H.M.S, '' Penguin:' 



Appendix B. 



The whole of the geological specimens forwarded from H.M.S. *' Penguin ^^ have 
been examined by Professor Rltcker. F.R.S. Of these, the undermentioned list 
specially refers to positions in the vicinity of Bezout and Baudin Islands of special 
magnetic interest. 

la, 26, 3c, 4cZ. Bezout Island, near Cossack. 

5. Reader Hill, Cossack. 

6. Sand, Cossack— Reader Hill bearing (true) N. 81^ E., 760 yards. 

18. Broome, Roebuck Bay. 

19. Sand, 3 feet below surface. Magnetic observation spot, Broome. 

21. Sand, from surface of place of magnetic observation, Broome. 

22. Sand, east side of Baudin Island, off Cape Voltaire. 

24. Sand, from magnetic shoal off Port Walcott, in 8 fathoms ; lat. 20^ 31' 35'' S. 
long. 117M3' 2"E. 

25. Baudin Island, off Cape Voltaire. 

26. Baudin Island, off Cape Voltaire (basement). 

Of the above list of specimens, Nos. 25 and 26 only are magnetic, their respective 
values of h in C.G.S. units being 0*000217 and 0*000529. 



